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ABSTRACT

Abnormalities in endothelial cell structure and function may lead to diseases such as throm-
bosis and atherosclerosis. Oxidative stress plays an important role in the pathogenesis of vari-
ous cardiovascular diseases including atherosclerosis. Previous studies have shown a relation-
ship between a diet rich in flavonoid and a reduced incidence of cardiovascular diseases. Pip-
er sarmentosum (PS) is a plant with high flavonoid content and it possesses antioxidant and
anti-atherosclerotic activities. Therefore this study aimed to investigate the flavonoids present
in aqueous extract of PS (AEPS) and its cytoprotective effects in oxidative stress-induced
human umbilical vein endothelial cells (HUVEC). AEPS contained high total phenolic con-
tent (91.02 + 0.02 mg QE/g DM) and total flavonoid content (48.57 £ 0.03 mg GAE/g DM).
Screening using high performance liquid chromatography (HPLC) technique showed the
presence of rutin and vitexin as the main flavonoids in AEPS. HUVEC were exposed to
180 uM H,0, and treated with various concentrations of rutin or vitexin (10 to 400 uM) for
24 hours. Both rutin and vitexin at the concentration of 150-400 uM significantly increased
the viability of H;O;-induced HUVEC as denoted by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay. Therefore rutin and vitexin as the main flavonoids
present in PS may be involved in the protective effects of PS against oxidative stress.

Keywords: Piper sarmentosum, flavonoid, rutin, vitexin, oxidative stress, human umbilical
vein endothelial cells

INTRODUCTION vasculitis (Jaffe et al., 1973). Human umbil-
ical vein endothelial cells (HUVEC) is the
most commonly used cell culture model for
in vitro experiments related to cardiovascu-
lar diseases (Park et al., 2008; Potdar and
Kavdia, 2009).

Oxidative stress plays an important role
in the pathogenesis of various cardiovascu-
lar diseases including atherosclerosis (Ross,
1999). Oxidative stress results from imbal-

The endothelial cells serve as a crucial
barrier between the vascular wall and the
circulation. The cells also secrete a variety
of substances in response to physiological
and pathological stimuli (Cines et al.,
1998). Abnormalities in endothelial cell
structure and function may lead to diseases
such as thrombosis, atherosclerosis, and

705



EXCLI Journal 2012;11:705-714 — ISSN 1611-2156

Received: September 26, 2012, accepted: November 06, 2012, published: November 09, 2012

ance between the prooxidant and the anti-
oxidative defense mechanisms of the body.
At high concentrations, reactive oxygen
species (ROS) can cause severe damage to
cellular structures and components includ-
ing nucleic acids, proteins and lipids, there-
by leading to apoptosis (Estany et al.,
2007). The major source of endogenous
ROS is generated from H,O, (Nohl et al.,
2003), which has been extensively used to
induce oxidative stress in in vitro experi-
ments (Xiao et al., 2000; Yang et al., 2006).

Flavonoids are a group of phenolic
compounds which can be found naturally in
plants. Epidemiological studies indicate that
increased intake of dietary flavonoids is as-
sociated with a decrease in the risk of car-
diovascular diseases (Arts and Hollman,
2005). The cardiovascular protective effects
of flavonoids may be mediated by multiple
mechanisms such as antioxidant, anti-
platelet, anti-hypertensive and hypogly-
caemic effects (Ushida et al., 2008).

Piper sarmentosum (PS) is a herbaceous
plant which is commonly found in the trop-
ical and subtropical regions. Phytochemi-
cally, the plant contains constituents like
alkaloids, phenols, flavonoids, vitamin C,
vitamin E, xanthophylls and tannins (Chan-
witheesuk et al.,, 2005; Hussain et al.,
2009a). The plant extracts have been re-
ported to possess multiple cardiovascular
protective effects. Recent research has
demonstrated that aqueous extract of Piper
sarmentosum (AEPS) improved endothelial
function by promoting nitric oxide produc-
tion in HUVEC (Ugusman et al., 2010).
Moreover, PS reduced neointimal foam cell
infiltration and atherosclerotic lesion in hy-
percholesterolemic rabbits (Amran et al.,
2010, 2012).

Previous studies have shown that PS has
high antioxidant activity (Vimala et al.,
2003; Hussain et al., 2009a; Hafizah et al.,
2010). AEPS reduced endothelial oxidative
stress by decreasing the expression of inter-
cellular adhesion molecule-1 (ICAM-1) and
NADPH oxidase-4 (Nox4) while enhancing
the expression of the antioxidant enzymes
(Ugusman et al., 2011). AEPS also exhibit-

ed potent effects as antioxidant in prevent-
ing apoptosis in HO,-induced HUVEC
(Hafizah et al., 2010). There is a positive
correlation between antioxidant activity of
PS and its phenolic and flavonoid contents
(Hussain et al., 2009a). Therefore the aim
of this study is to identify the flavonoids
present in AEPS and its cytoprotective ef-
fects in oxidative stress-induced HUVEC.

MATERIALS AND METHODS

Collection and extraction of plant material

Leaves of Piper sarmentosum were col-
lected in Sungai Buloh, Malaysia and iden-
tified by a plant taxonomist from Forest Re-
search Insitute of Malaysia (voucher speci-
men: FRI 45870). The leaves were washed
with tap water, cut into small pieces, sun-
dried and grounded to powder form. Ten
percent of AEPS was prepared by soaking
100 g of the powdered leaves in 900 ml of
purified water and incubated in a high
speed mixer at 80 °C for 3 hours. After be-
ing left to cool, the extract was filtered us-
ing a mesh and further concentrated. The
aqueous extract was then freeze dried to the
powdered form of the extract and kept at
4 °C until used.

Determination of total phenolic content
Total phenolic content (TPC) was de-
termined by the Folin-Ciocalteau method as
described previously (Nabavi et al., 2008).
The extract sample (0.5 ml of 1 mg/ml
AEPS) was mixed with Folin-Ciocalteau
reagent (S ml, 1:10 diluted with distilled
water) for 5min and aqueous Na,CO;
(4 ml, 1 M) were then added. The mixture
was allowed to stand for 1 hour and the
phenol content was determined by colori-
metry at 765 nm. The standard curve was
prepared by using 0 to 250 mg/ml solutions
of gallic acid in methanol: water (50:50,
v/v). Total phenolic content was expressed
in terms of milligram of gallic acid equiva-
lent per gram dry matter (mg GAE/g DM).
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Determination of total flavonoid content

Colorimetric aluminum chloride method
was used for total flavonoid content (TFC)
determination as described previously
(Nabavi et al., 2008). Briefly, 0.5 ml solu-
tion of 1 mg/ml AEPS was mixed with 1.5
ml of methanol, 0.1 ml of 10 % aluminum
chloride, 0.1 ml of 1 M potassium acetate
and 2.8 ml of distilled water. The mixture
was left at room temperature for 30
minutes. The absorbance of the reaction
mixture was measured at 415 nm with a
spectrophotometer (Versamax, USA). The
standard curve was prepared by using quer-
cetin solutions at concentrations of 12.5 to
100 mg/ml. Total flavonoid content was
expressed in terms of milligram of querce-
tin equivalent per gram dry matter (mg
QE/g DM).

High performance liquid chromatography
(HPLC) analysis of AEPS

Firstly, 10 mg AEPS was dissolved in
1 ml water. The solution was filtered
through a membrane filter (pore size
0.45 pm) prior to analysis. The sample was
analysed by means of a HPLC system (Wa-
ters Delta 600 with 600 Controller) with
photodiode array detector (Waters 996). A
Phenomenex-Luna (5 pm) column was used
(4.6 mm i.d. x 250 mm) and for elution of
the constituents, a gradient of two solvents
denoted as A and B was employed. A was
0.1 % aqueous formic acid, whereas B was
0.1 % formic acid in acetonitrile. Initial
conditions were 85 % A and 15 % B, with a
linear gradient reaching 25% B at
t=12 min. This was followed by an isocratic
elution until t=22 min, after which the pro-
gramme returned to the initial solvent com-
position at t=25 min and continued until
t=35 min. The flow rate used was
1.0 ml/min and the injection volume was
10 pl. Detection was carried out at 366 nm.
The retention times of the major peaks in
the chromatograms of AEPS were com-
pared with those of standards (naringin,
genistein, fisetin, myricetin, vitexin, iso-
vitexin, apigenin, quercetin and naringenin)
(Sigma, USA).

Primary HUVEC culture

Human umbilical cords were obtained
from healthy mothers who underwent spon-
taneous vaginal deliveries. Informed con-
sent was obtained from each subject and the
present study was approved by the Ethical
Research Committee of Universiti Kebang-
saan Malaysia Medical Centre (FF-092-
2010). HUVEC were obtained from umbili-
cal cord veins by 0.1 % Collagenase Type I
(Gibco-Invitrogen Corp., Grand Island,
N.Y.) digestion as described previously
(Ugusman et al., 2010). Cells were grown
in medium 200 (Cascade Biologics, USA)
supplemented with low serum growth sup-
plement (Cascade Biologics, USA) at 37 °C
in a humidified atmosphere of 5 % CO, and
95 % air. HUVEC were confirmed by the
typical endothelial cell cobblestone mor-
phology and the positive expressions of von
Willebrand factor and CD31 in immunocy-
tochemistry. The culture medium was
changed every other day until the cells
reached confluence. HUVEC from passage
3 at 80 % confluency were used for exper-
iment.

Determination of HUVEC viability

The viability of HUVEC was deter-
mined using 3-[4,5-Dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT)
assay kit (Sigma, USA). Rutin (purity:
95 %) and vitexin (purity: 95 %) were pur-
chased from Sigma, USA. HUVEC were
seeded at concentration of 2 x 10* cells/well
in a 96-well plate. The MTT assay was
done in two stages. During the first stage,
HUVEC were treated with various concen-
trations of rutin or vitexin (0 to 1000 uM)
for 24 hours to determine the ICso of rutin
and vitexin. The second stage was per-
formed to determine the cytoprotective ef-
fects of rutin and vitexin in H,O,-induced
oxidative cell damage. Therefore, HUVEC
were exposed to 180 uM H,0, and treated
with various concentrations of rutin or vi-
texin (10 to 400 uM) for 24 hours. The dose
of H,O, used was based on the I1Csq of H,O,
adopted from a previous study (Hafizah et
al., 2010). After 24 hours of treatment,
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200 pl of 5 mg/ml MTT solution was added
to each well and the mixture was incubated
for 4 hours. Subsequently, the supernatants
were aspirated and the purple formazan
crystal formed in each well was dissolved
in 200 pl of MTT solvent. The absorbance
of each well was read at 570 nm with a col-
orimetric microplate reader (Versamax,

USA).

Statistical analysis

Data was tested for normality using
Kolmogorov-Smirnov test and all variables
were normally distributed. Data was ex-
pressed as mean = SEM. Statistical analysis
between two groups was performed using
paired t-test using SPSS version 16.0 soft-
ware. Values of p < 0.05 were considered
statistically significant.

RESULTS

Total phenolic and flavonoid contents of
AEPS

The TPC and TFC values of AEPS are
presented in Table 1. AEPS contained high
TPC (91.02 £ 0.02 mg QE/g DM) and TFC
(48.57 £ 0.03 mg GAE/g DM).

Table 1: Total phenolic and flavonoid contents
of aqueous extract of Piper sarmentosum

TPC value TFC value
(mg QE/g DM) (mg GAE/g DM)
AEPS 91.02 +0.02 48,57 + 0.03

Values are means + SEM from three independ-
ent experiments.

HPLC analysis of AEPS

Figure la shows the chromatogram of
AEPS. The retention times (R;) of the major
peaks in the chromatogram of AEPS were
compared with those of standards (naringin,
genistein, fisetin, myricetin, rutin, vitexin,
isovitexin, apigenin, quercetin and narin-
genin). Peak E in the chromatogram (R; =
15.387 min) corresponded to vitexin (R =
15.382 min) (Figure 1b) while peak F (R; =
17.449 min) corresponded to rutin (R
17.450 min) (Figure 1d). The sample was
spiked with vitexin and rutin and the results

confirmed the presence of vitexin (Figure
lc) and rutin (Figure le). The R; of other
peaks in the chromatogram of AEPS did not
correspond to the R of other standards used
(naringin, genistein, fisetin, myricetin, iso-
vitexin, apigenin, quercetin and naringen-
in). Quantitative analysis of rutin and vitex-
in was carried out with reference to the
standard curves of rutin (y = 13487x —
181561, r* = 0.995) and vitexin (y=12313x
— 18598, r* = 0.998). The concentration of
vitexin in AEPS was 51.93 + 0.55 ppm
(0.5193 %) while the concentration of rutin
was 75.70 = 0.50 ppm (0.7570 %).
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Figure 1: HPLC chromatograms of (a) AEPS
(b) vitexin (c) AEPS + vitexin (d) rutin (e) AEPS
+ rutin.

Effects of rutin on HUVEC viability

Rutin up to the concentration of
1000 uM was not toxic to HUVEC after
24 hours of incubation (Figure 2). In the
next stage of MTT assay, HUVEC induced
with 180 uM H,0, was treated with rutin at
the concentration of 10-400 uM to deter-
mine the cytoprotective effects of rutin on
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H,0;-induced oxidative cell damage. Expo-
sure to 180 uM H,O, for 24 hours signifi-
cantly reduced the viability of HUVEC to
54.0 = 1.6 % compared to the control group
(HUVEC without exposure to H,O; and ru-
tin) (p < 0.01) (Figure 3). However, treat-
ment of H,O»-induced HUVEC with differ-
ent concentrations of rutin (150-400 uM)
significantly increased HUVEC viability in
a dose-dependent manner compared to the
cells induced with only H,O,. Treatment
with 150, 200, 250, 300, 350 and 400 uM
rutin increased the viability of HUVEC to
66.9 = 1.1 %, 73.2 £ 1.3 %, 80.7 £ 1.6 %,
90.4 + 1.5%, 959 + 1.4% and 107.9 +
1.4 %, respectively. In addition, HUVEC
treated with 300, 350 and 400 pM rutin
showed no significant difference in cell vi-
ability compared to the control group.

Cell viability (%)
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Figure 2: Effects of rutin on the viability of HU-
VEC after 24 hours of incubation. Values are
means + SEM of six independent experiments.
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Figure 3: Protective effects of rutin on HUVEC viability against oxidative injury induced by 180 uM
H,0,. HUVEC were co-treated with 10-400 uM rutin for 24 hours. Values are means + SEM of six in-
dependent experiments. (##) p < 0.01 vs. control group; (*) p < 0.05 vs. H,O, only group; (**) p < 0.01

vs. H,O, only group.
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Effects of vitexin on HUVEC viability
Vitexin up to the concentration of
1000 uM was not toxic to HUVEC after
24 hours of incubation (Figure 4). In the
next stage of MTT assay, HUVEC induced
with 180 uM H,0O, was treated with vitexin
at the concentration of 10-400 uM to de-
termine the cytoprotective effects of vitexin
on H;0,-induced oxidative cell damage.
Exposure to 180 uM H,O; for 24 hours sig-
nificantly reduced the viability of HUVEC
to 54.0 £ 1.6 % compared to the control
group (HUVEC without exposure to H,O,
and vitexin) (p < 0.01) (Figure 5). Howev-
er, treatment of H,O,-induced HUVEC with
different concentrations of vitexin (150-
400 uM) significantly increased HUVEC
viability in a dose-dependent manner com-
pared to the cells induced with only H,O,.
Treatment with 150, 200, 250, 300, 350 and
400 pM vitexin increased the viability of
HUVEC to 64.7 £ 1.1%, 73.4 + 1.4 %,

77.8 £ 1.6%, 893 £ 1.2%, 953 + 1.7%
and 106.4 + 1.1 %, respectively. In addi-
tion, HUVEC treated with 300, 350 and
400 pM vitexin showed no significant dif-
ference in cell viability compared to the
control group.
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Figure 4: Effects of vitexin on the viability of
HUVEC after 24 hours of incubation. Values are
means + SEM of six independent experiments.
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Figure 5: Protective effects of vitexin on HUVEC viability against oxidative injury induced by 180 uM
H,0,. HUVEC were co-treated with 10-400 uM vitexin for 24 hours. Values are means + SEM of six
independent experiments. (##) p < 0.01 vs. control group; (*) p < 0.05 vs. H,O, only group; (**) p <

0.01 vs. H,O, only group.
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DISCUSSION

Screening of AEPS wusing HPLC
showed the presence of rutin and vitexin as
the main flavonoids present in the extract
(Figure 1). Another study also reported the
presence of rutin in AEPS (Hussain et al.,
2009a). To the best of our knowledge, this
is the first study to report the presence of
vitexin in AEPS. There are a few unidenti-
fied peaks in the chromatogram of AEPS
(Figure 1a). The flavonoids represented by
the peaks can be identified by doing isola-
tion work or by comparing the R; with more
standards.

In other studies, aqueous-methanol ex-
tract of PS contains the flavonoids myrice-
tin, quercetin and apigenin (Miean and Mo-
hamed, 2001) while methanol extract of PS
contains naringenin (Vimala et al., 2003).
However, aqueous extract of PS used in this
study does not contain myricetin, quercetin,
apigenin and naringenin. There are internal
and external factors that can contribute to
the variations in the type of flavonoids
found in PS sample. Intrinsically, metabolic
content of a plant is influenced by ontoge-
netic, ecotypic, genotypic and chemotypic
factors. Extrinsically, it can be influenced
by variations in the growth conditions, age
of the plant, collection time, drying and
storage conditions (Hussain et al., 2009b).
The type of solvent used for extraction of
PS can also influence its flavonoid content.
Solvent with different polarity can cause
different types of flavonoids being extract-
ed (Bimakr at al., 2009). The sample used
in this study is aqueous extract of PS while
the samples that contain myricetin, querce-
tin and apigenin is aqueous-methanol ex-
tract of PS (Miean and Mohamed, 2001)
and naringenin is found in methanol extract
of PS (Vimala et al., 2003).

Rutin (3,3',4',5,7-pentahydroxyflavone-
3-rhamnoglucoside) is a flavonoid of the
flavonol type. Rutin is abundantly present
in onions, apples, tea and red wine (Hertog
et al., 1992). It was reported that rutin has
several pharmacological properties includ-
ing antioxidant, anti-platelet, anti-thrombus,

vasoprotective and cardioprotective activi-
ties (Janbaz et al., 2002).

In this study, rutin at the concentration
of 150-400 puM significantly increased the
viability of H,O,-induced HUVEC (Fig-
ure 3). In a previous study, rutin signifi-
cantly attenuated H,O,-induced apoptosis
in HUVEC in a concentration-dependant
manner (Gong et al., 2010). This indicated
that rutin had a potential protective effect
on endothelial cells against injury induced
by HzOz.

Reactive oxygen species (superoxide,
H,0, and hydroxyl radicals) are potent in-
tracellular oxidants which have been pro-
posed as critical regulators of apoptosis
(Danial and Korsmeyer, 2004). Reduced
glutathione (GSH) is a major antioxidant
that protects cells from oxidative stress by
scavenging peroxides in the mitochondria
(Kaur et al., 2006). The mitochondrion is an
important organelle for the production of
cellular energy and has been reported to be
involved in programmed cell death (Ishi-
kawa et al., 2008). H,O, can cause endothe-
lial cell injury by inducing mitochondrial
dysfunction which includes loss of mito-
chondrial membrane potential (Cai 2005;
Liu et al., 2008). Rutin protected HUVEC
against apoptosis induced by H,O, through
decreasing the intracellular ROS level, in-
creasing the intracellular GSH and restoring
the mitochondrial membrane potential
(Gong et al., 2010).

Vitexin (apigenin-8-C-B-D-glucopyra-
noside) is a flavonoid of the flavon type. It
is present in hawthorn, passion flower,
bamboo leaves, millet and barley (Kim et
al., 2005a). Vitexin has anti-hypertensive
and anti-inflammatory effects (Prabhakar et
al., 1981). Additionally, vitexin has anti-
thyroid, anti-arteriosclerotic and anti-
hepatotoxic effects (Gaitan et al., 1995). It
also has anti-cancer (Zhou et al., 2009), an-
ti-nociceptive (Gorzalczany et al., 2011)
and anti-bacteria (Quilez et al., 2010) activ-
ities.

Previous studies have shown that vitex-
in is a potent antioxidant. Vitexin at the
dose of 100 mg/ml could eliminate 70 % of
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superoxide anion radical and 60 % of
DPPH radical (Kim et al., 2005a). At the
concentrations of 0.1 dan 1.0 mM, vitexin
has higher superoxide scavenging activity
than a-tocopherol (Kim et al., 2005b).

At high concentrations, ROS can cause
severe damage to cellular structures and
components including nucleic acids, pro-
teins and lipids, thereby leading to apopto-
sis (Estany et al., 2007). Malondialdehyde
(MDA) is the most abundant product of
polyunsaturated lipid peroxidation. The re-
action of MDA with thiobarbituric acid
produces thiobarbituric acid-reactive sub-
stances (TBARS) (Del Rio et al., 2005).
Vitexin is able to reduce the levels of MDA
and TBARS and it also inhibits LDL oxida-
tion (Kim et al., 2005b).

Vitexin’s ability to enhance the viability
of HUVEC induced by H,0, is likely to be
attributed by its high ROS scavenging ac-
tivity in addition to its inhibition on lipid
peroxidation. However, the underlying mo-
lecular mechanisms of vitexin’s protective
effect against apoptosis in HUVEC induced
by H,0O, have not been studied in detail as
yet.

CONCLUSION

AEPS contains the flavonoids rutin and
vitexin. Both rutin and vitexin have cyto-
protective effects against HO,-induced ox-
idative cell damage. Therefore rutin and
vitexin may be involved in the protective
effects of AEPS against oxidative stress.
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